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High field and high resolution fMRI educational talks

SIEMENS

ISMRM “layer fMRI” YouTube channel

study group workshops

http://www.ismrm.org/14/14program.htm

https://www.healthcare.siemens.com/magnetic-
resonance-imaging/magnetom-world/clinical-
corner/clinical-talks

http://www.ismrm.org/workshops/UHF16/

https://www.youtube.com/channel/UCMjtQ3FD41pAh1VJz-UZGJQ



7T scanner worldwide
Open Google map (edits and corrections are welcome)  
https://drive.google.com/open?id=1dXG84OZIAOxjsqh3x2tGzWL1bNU Approx. 80 UHF scanners



High field and high resolution is getting popular
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Methods Neuroscience

Pushing the spatio-temporal limits of MRI and fMRI

Neuroimaging with Ultra-High Field MRI: Resent and 
Future 

Prospects for cortical laminar MRI functional and anatomical

NeuroImage Special Issues



Advantages of high fields

Pohmann et al., 2016 MRM

SNR

Falk Lüsebrink
https://www.nature.com/articles/sdata201732

Average of 8 MPRAGE datasets of 250 μm

SNR increase 3T → 7T is 3.3

https://www.nature.com/articles/sdata201732


Res.

fMRI at 0.75 mm resolution

3mm2mm1mm0.75mm

tapping

see layer-fMRI lecture next week

on Friday July 27th 



Limits of high field and high resolution fMRI 

• Sensitivity limitations

• Physiological noise

• Dealing with complexity

• Inhomogeneity (B1) pTx

• Short T2*

• High-resolution limits with GRAPPA

• 2D vs. 3D limits at high resolutions

• Segmentation

• Motion

• Distortion



signal to noise ratio (SNR)~ ∆x3

going from 3 mm (fMRI)
going from 1 mm (anatomy)

to 0.75 mm (fMRI)
to 0.25 mm (anatomy)

64 fold reduction 

Challenge #1: Sensitivity



Field strength

7T3T 9.4T

3 mm resol.

0.75 mm resol. 0.75 mm resol.
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[Huber et al., ISMRM, 2017b]
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SNR ≠ data quality

Huber et al., NeuroImage  2015

negative signal at 3 mm iso. (ΔS = 0.5%) positive layer fMRI at 0.7mm (ΔS = 5%)

Huber et al., Neuron 2017

Murphy et al., NeuroImage 2007Triantafyllou et al., NeuroImage 2005; Bodurka et al., 2007 NeuroImage, 2007 

3T 7T
3T7T
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New sub-field of high-resolution high-field is build on a lot of previous developements

Hardware 
and 

sequence 
code

design 
acquisition 

method
run 

experiment results
evaluation 
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Field inhomogeneities I

7T fMRI is not really straight forward 
for deep brain structures



Field inhomogeneities II  – SAR - pTX

Shajan, et al;, (2014). MRM

9.4T [Huber et al., NeuroImage, 2018] with Desmond Tse, Ben Poser and Dimo Ivanov 

-
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[Huber et al., ISMRM, 2015]

[Feinberg et al., Radiology, 1986]



Limits of high field and high resolution fMRI 

• Sensitivity limitations

• Physiological noise

• Dealing with complexity

• Inhomogeneity (B1) pTx

• Short T2*

• High-resolution limits with GRAPPA

• 2D vs. 3D limits at high resolutions

• Segmentation

• Motion

• Distortion



High-res EPI-artifacts: ghosts

960BWDT [Hz/Px]: 
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signal

tSNR
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GRAPPA at high field and high resolutions

FLASH GRAPPA for fMRI: Talagala et al., 
20015 MRM

FLEET GRAPPA for fMRI: Polimeni et al., 
2016 MRM  

dual polarity GRAPPA for fMRI: Hoge et 
al., 2016 MRM  

conventional

FLASH

kernel size mattersregularization matters

reference data scheme matters

everything 
matters
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readout

[Setsompop, 2012]



temporal signal 
to noise ratio in N=4 participants

0.75 mm

2D-SMS

3D-EPI

3 mm 

2D-SMS

3D-EPI

[Huber et al., NeuroImage, 2018]

[Setsompop, 2012][Poser, 2010, 2013]

readout
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• (statistical) activation analysis



ISMRM study group survey



Most limiting factors: 0 (not limited) - 5 (very limited)

Localization specificity:

Sensitivity:

Image distortions:

Registration quality:

Segmentation quality:

Head motion:

People are most limited by registration People are least limited by SNR!

mean=3.27 mean=3.8

mean=3.3mean=3.54 

mean=3.5 mean=3.4



Which directions should future efforts go to?

Standardized reporting (COBIDAcq) 23.8%

47.6%

42.9%

47.9%

76.2%

Vascular models

Non-BOLD contrasts

Sequences for standard hardware

Streamlined analysis
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Segmentation in EPI space (Data taken from Kendrick Kay et al.)

Kay et al., 2018, bioRxiv



Automatic segmentation is challenging in sub-millimeter regime

It misses CSF when partial 
voluming is small 

Renvall et al., NeuroImage 2016

beta version without resampling
has the same problem

it does not perform well with short
T1 in M1
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Motion limits

Valsalva breath holding respiration task acquired 
with Dan Handwerker

field motion is the biggest motion  

local motion correction

Resolution loss 
due to resampling

FWHM [mm] 1.050.53
Polimeni et al., 2018
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Anatomy vs. EPI EPI-function vs. 
EPI anatomy

Distortion limits



Thank you

NIMH:
• Daniel Handwerker
• Emily Finn
• Yuhui Chai
• Dave Jangraw
• Arman Khojandi
• Sean Marrett
• Vinai Roopchansingh
• Andy Derbyshire
• Kenny Chung
• Javier Gonzales
• Adam Thomas
• Peter Bandettini

MPI CBS Leipzig:
• Harald Möller
• Bob Turner
• Robert Trampel
• Maria Guidi

Supported by the NIMH Intramural Research Program

University of Sheffield:
• Aneurin Kennerley
Cornell University Hospital
• Carsten Stüber

comments and questions are appreciated:
Laurentius.Huber@nih.gov

University of Maastricht:
• Benedikt Poser
• Dimo Ivanov

University of Glasgow:
• Jozien Goense


